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The Drosophila Myosin VI Jaguar Is Required
for Basal Protein Targeting and Correct
Spindle Orientation in Mitotic Neuroblasts
et al., 1997, 1998). Basal but not apical crescent forma-
tion requires the cortically localized Lethal giant larvae
(Lgl) and Discs large (Dlg) (Ohshiro et al., 2000; Peng et
al., 2000). Just how the apical complex directs basal
crescent formation is not known. Because Miranda/
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crescent, conceivably Miranda is transported from the
apical to the basal cortex by a motor, thereby mediating
basal targeting of Prospero, Staufen, and prospero
Summary
mRNA.
What could be the motor for basal protein targeting?
Asymmetric cell divisions generate cellular diversity.
Lgl interacts with myosin II (Strand et al., 1994), and
In Drosophila, embryonic neuroblasts target cell fate
the lgl mutant phenotype is suppressed by a loss-of-
determinants basally, rotate their spindles by 90 to
function mutation of the myosin II gene zipper (zip).
align with the apical-basal axis, and divide asymmetri-
However, zip mutants exhibit no alterations in cell fate
cally in a stem cell-like fashion. In this process, apically
determinant localization or spindle orientation (Ohshiro
localized Bazooka recruits Inscuteable and other pro-
et al., 2000; Peng et al., 2000). Thus, motors other than
teins to form an apical complex, which then specifies
Zip are probably involved in basal protein transport. To
spindle orientation and basal localization of the cell
search for such motor proteins, we isolated Miranda-
fate determinants and their adapter proteins such as
containing complexes from Drosophila embryos and
Miranda. Here we report that Miranda localization re-
identified two associated proteins as myosin II Zipper
quires the unconventional myosin VI Jaguar (Jar). In
(Zip) and myosin VI Jaguar (Jar) (Kellerman and Miller,
jar null mutant embryos, Miranda is delocalized and
1992). We then used various methods to reduce jar activ-
the spindle is misoriented, but the Inscuteable cres-
ity and found that these treatments disrupt Miranda lo-
cent remains apical. Miranda directly binds to Jar, rais-
calization and proper spindle orientation, but not the
ing the possibility that Miranda and its associated pro-
apical complex formation. As opposed to zip mutations,
teins are translocated basally by this actin-based
reducing jar activity enhanced the basal protein trans-
motor. Our studies demonstrate that a class VI myosin
port defects in lgl mutants. Jar binds Miranda directly,
is necessary for basal protein targeting and spindle
and partially overlaps with Miranda in the distribution in
orientation in neuroblasts.
neuroblasts, suggesting that Miranda and the complex
it assembles including Prospero, Staufen, and prospero
mRNA may be one of the cargos for Jar.Introduction
Neuroblasts divide asymmetrically after delamination Results
from Drosophila embryonic epithelium to generate a
neuroblast and a smaller ganglion mother cell, by first Miranda Forms a Complex with Jar and Zip
forming an apical complex, which then targets cell fate in Drosophila Embryos
determinants basally and reorients the mitotic spindle We used anti-Miranda antibodies to extract protein
(Jan and Jan, 2001; Kaltschmidt et al., 2000; Knoblich, complexes from Drosophila embryos (Figure 1A) and
2001). Bazooka, already apically localized in epithelial immunoprecipitated more than 90% of Miranda (data
cells, forms an apical complex with atypical protein ki- not shown). In addition to a quadruplet of Miranda iso-
nase C (aPKC) and Dm-PAR6 in the neuroblast (Schober forms identified by mass spectrometry, two proteins
et al., 1999; Wodarz et al., 1999, 2000). This complex of approximately 250 and 140 kDa were reproducibly
recruits Inscuteable, Partner of Inscuteable (Pins), and immunoprecipitated with anti-Miranda antiserum but
the G protein subunit Gi to form an apical crescent not with preimmune serum (Figure 1A) or with protein
at prophase (Schaefer et al., 2001; Yu et al., 2000). In A alone (data not shown). Mass spectrometry determi-
metaphase, cell fate determinants and their respective nation of tryptic peptide sequences and a database
adapters Numb/PON, prospero mRNA/Staufen, and search identified these proteins as the nonmuscle myo-
Prospero/Miranda form a basal crescent. Miranda is re- sin II Zip and the unconventional myosin VI Jar.
quired for basal localization of Prospero, Staufen, and Immunoprecipitation with anti-Jar antibodies further
prospero mRNA, and binds not only Prospero and verified that Jar is associated with Miranda (Figure 1B).
Staufen but also Inscuteable (Fuerstenberg et al., 1998; In addition to Jar, Staufen, Prospero, and prospero
Ikeshima-Kataoka et al., 1997; Schuldt et al., 1998; Shen mRNA were also coimmunoprecipitated with Miranda
using anti-Miranda antibodies but not preimmune serum
(Figure 1C and data not shown), demonstrating in vivo
*Correspondence to: ynjan@itsa.ucsf.edu
association of Miranda with myosin VI Jar as well as1These authors contributed equally to this work.
several components that require Miranda for basal local-2 Present address: Max Planck Institut fu¨r Psychiatrie, Molecular,
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Figure 1. Miranda Associates with Jaguar and Zipper In Vivo and Binds Jaguar Directly
(A) Protein extracts from stage 5–15 embryos (lane 2) were subjected to immunoprecipitation with preimmune serum (Rb Ig, lane 3) or affinity-
purified anti-Miranda antibody (lane 4), and compared with protein standards (PS, lane 1) after SDS-PAGE. Mass spectrometry identified
Zipper, Jaguar, and Miranda in lane 4, but not in lane 3.
(B and C) Immunoblots of complexes immunoprecipitated with rabbit anti-Miranda (lane 1), unrelated rabbit IgG (lane 2), unrelated mouse
IgG (lane 3), mouse anti-Jaguar (lane 4), and of total embryonic extract (lane 5). Blots were probed with anti-Miranda (B) or anti-Jaguar (C)
antibodies, revealing in vivo associations of Miranda and Jar.
(D–F) Direct interaction of Jar and Miranda. A recombinant GST-MirN298 fusion protein (lane 2) but not GST alone (lane 3) interacts with
[35S]methionine-labeled Jar (D) but not dEB1 (E) in vitro. Lane 1 (D and E) shows the amount of [35S]methionine-labeled proteins, and the
Coomassie-stained gel (F) shows the amount of GST-MirN298 (lane 2, top arrow) and GST protein (lane 3, bottom arrow) used for the pull-
down assay.
Direct Physical Interaction between Jar possibility that Miranda is a cargo for Jar and that Jar
may be involved in localization of Miranda in neuro-and Miranda
To test whether Miranda directly interacts with Jar, we blasts.
carried out GST pull-down experiments. Whereas GST
by itself did not bind Jar, the GST-Miranda fusion protein Jar Is Required for Basal Localization of Miranda
but Not Apical Localization of Inscuteablecontaining the first 298 amino acids of Miranda (GST-
MirN298) specifically pulled down about 50% in vitro To examine the functional requirement of Jar in asym-
metric division of neuroblasts, we generated a jar zy-translated [35S]methionine-labeled Jar (Figure 1D) but
not dEB1 (Figure 1E; n  4), even though all three pro- gotic null mutant, jar322, by imprecise excision of the P
element in the jar1 mutant allele, which carries a P[lacW,teins contain coiled-coil domains (Rogers et al., 2002).
This suggests that Miranda binding to Jar is specific ry] insertion in the first intron of the jar gene (Hicks et
al., 1999). Single-embryo PCR revealed that the jar322rather than indiscriminate between coiled-coil domains.
The N-terminal region of Miranda is necessary and suffi- mutation deletes the entire jar coding region and at least
the first exon of the adjacent gene CG5706 for a putativecient for cortical and asymmetric localization of Miranda
in neuroblasts (Fuerstenberg et al., 1998; Matsuzaki et phenylalanine-tRNA ligase, leaving intact the other adja-
cent gene of jar, CG13610, and the first gene down-al., 1998; Shen et al., 1998). The direct interaction of
this Miranda localization domain with Jar supports the stream of CG5706, CG31138 (Figure 2O). Whereas the
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jar1 allele significantly reduces Jar levels only in the testis genes known to be involved in basal targeting. The tu-
and leads to male sterility (Hicks et al., 1999), the jar mor suppressor protein Lgl is involved in the localization
zygotic null mutant jar322 animals die as first/early second of basal but not apical proteins. In lgl loss-of-function
instar larvae. At stage 16, 30% of metaphase neuro- mutant (lgl4), Miranda is distributed all around the cortex,
blasts (n  50) have Miranda mislocalized in patches becomes associated with the spindle, and is also pres-
around the cortex and the cytoplasm (Figures 2B and ent in the cytoplasm at metaphase (Figures 3A, 3D, and
2L), whereas Inscuteable is properly localized to an api- 3G; Ohshiro et al., 2000; Peng et al., 2000). In contrast,
cal crescent in 95% of the embryonic neuroblasts with in lgl4; jar322 double mutants, Miranda is mostly in the
mislocalized Miranda (n  25; Figure 2D, arrow). Thus, cytoplasm (Figures 3C, 3F, and 3G) with a diffuse distri-
Jar acts downstream of, or in parallel to, the apical bution similar to that in jar322 mutants (Figure 2B), but
complex to control basal protein localization. These mu- evident earlier in development, at stage 14, and with
tant embryos also exhibited improperly oriented spin- higher penetrance (compare Figures 2L and 3G). The
dles; 21% of the spindles examined were misoriented apically localized Inscuteable is not affected in lgl4 (Fig-
by 80–90 (n  50), compared to 2% in jar322 heterozy- ure 3D; 86% of neuroblasts with normal Inscuteable
gotes (n  60; Figure 2M). We found that maternal jar localization; n  22; Ohshiro et al., 2000; Peng et al.,
mRNA and Jar protein persist in zygotic jar322 homozy- 2000), jar322 homozygous embryos (96%; n  48; Figure
gous embryos until stage 16, and that Jar protein is 3E), or lgl4; jar322 double mutants (Figure 3F; 90%; n 
significantly reduced thereafter (Figure 2N). Our at-
48). Thus, unlike myosin II Zipper, Jar appears to act
tempts to induce maternal germline clones homozygous
synergistically with Lgl, downstream of or in parallel with
for jar322 yielded no surviving embryos, probably due to
apical crescent formation, to localize Miranda.an essential role of Jar during oogenesis (Deng et al.,
1999). In the first instar larvae of homozygous jar322 mu-
tants devoid of maternal Jar protein, we found that Mi-
Jar Localization in Dividing Neuroblastsranda is mislocalized to the cytoplasm in metaphase
Is Dynamic and Shows Partial Overlapneuroblasts (Figure 2F). Hence, the residual maternal
with MirandaJar in zygotic null jar322 mutant embryos may be sufficient
To further examine the role of Jar in asymmetric division,for Miranda localization to the cortex though not for
we compared its distribution with the dynamic Mirandaits basal targeting. A total loss of Jar, however, leaves
localization in neuroblasts (Fuerstenberg et al., 1998;Miranda within the cytoplasm in a punctate form.
Ikeshima-Kataoka et al., 1997; Shen et al., 1997). Mi-To reduce both maternal and zygotic jar mRNA, we
randa appears around the apical cortex and in the cyto-injected double-stranded RNA (RNAi) into wild-type em-
plasm in early prophase (Figure 4A), in the cytoplasmbryos, reducing Jar levels at an earlier stage than in the
and on the cortex in late prophase (Figure 4D), and isjar322 mutant (stage 14; data not shown). This jar RNAi
translocated at metaphase to a tight basal crescent, astreatment resulted in improper Miranda localization in
well as to puncta around the aster microtubules and aabout 50% of neuroblasts (n  100; Figures 2H and
faint lining of the microtubules of the mitotic spindle2L) with Miranda most often detected in cortical and
(Figure 4G). In telophase, Miranda is mainly inherited bycytoplasmic patches (45%) and rarely in a mispositioned
crescent (5%; data not shown), as well as randomized the ganglion mother cell (Figure 4J).
spindles (45%) with over 30% misoriented by 80–90 Jar is localized in small particles mainly in the cyto-
(Figure 2M). As control, buffer-injected embryos exhib- plasm and less frequently at the cortex in a dynamic
ited properly localized Miranda in 94% of the neuro- pattern (Figure 4). The density of Jar particles in neuro-
blasts (Figures 2G and 2L) and randomized spindles in blasts is highest in prophase (Figures 4B and 4E) and
only 2% of the dividing neuroblasts (n  50). metaphase (Figure 4H), coinciding with Miranda translo-
In another approach to interfering with Jar function, calization and spindle rotation. Jar particles accumulate
we expressed a truncated form of Jar (ATP), which preferentially to the basal half in 45% of metaphase
lacks the ATP binding domain. Zygotic expression of this neuroblasts (Figure 4H; n  30), whereas they are more
putative dominant-negative myosin VI (M. Nagashima et homogeneously distributed in the rest. In telophase, Jar
al., 2000, Mol. Biol. Cell, abstract) driven by neuralized- particles are inherited by the ganglion mother cell prefer-
Gal4 caused mislocalization of Miranda to patches at entially but are also seen in the neuroblast (Figure 4K).
the cortex and in the cytoplasm and misorientation of
This dynamic pattern is reminiscent of the linear move-
spindles in neuroblasts (Figure 2K). Maternal expression
ment of Jar-containing particles in syncytial blastodermof the truncated Jar with V32A-Gal4 driving the UAS line
embryos (Mermall et al., 1994). The partial overlap be-(UAS-ATP-jar) resulted in similar but earlier defects in
tween Jar and Miranda puncta in the cytoplasm in pro-basal but not apical protein localization, with 25% of
phase (Figures 4C and 4F, merged images) and in theneuroblasts showing Miranda mislocalization and spin-
cytoplasm and at the cortex in metaphase (Figure 4I)dle misorientation by 80–90 in stage 9 embryos (n 
and telophase (Figure 4L) is consistent with a role for170; Figures 2J, 2L, and 2M). Thus, we have obtained
Jar in the basal translocation of Miranda. Given that Jarthree independent lines of evidence for an essential role
interacts with a number of proteins besides Mirandaof Jar in basal Miranda localization.
(Buss et al., 2001; Geisbrecht and Montell, 2002), it is
perhaps to be expected that Jar does not colocalizeSynergistic Actions of Jar and Lgl to Ensure
with Miranda to a greater extent. We have never seenProper Basal Transport of Miranda
Jar concentrated to a tight basal crescent, suggestingHaving found a requirement for jar in basal protein tar-
geting, we wondered whether jar interacts with other that Jar itself is most likely not an anchor for the cell
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Figure 2. Jaguar Is Required for Basal Localization of Miranda but Not for Apical Localization of Inscuteable in Metaphase Neuroblasts
Apical is up in all figures, DNA is in blue, and Miranda is in red.
(A and B) In stage 16, Miranda is mislocalized to cortical patches and to the cytoplasm in homozygous jar322 null mutant embryos (B), rather
than the basal crescent (arrows) as in control embryos heterozygous for jar322 (A).
(C and D) Inscuteable is in green. The apical Inscuteable crescent (arrow) is not affected in embryos heterozygous (C) or homozygous for
jar322 (D), even though the latter have Miranda uniformly distributed around the cortex and in the cytoplasm.
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Figure 3. lgl and jar Act Synergistically to Lo-
calize Miranda
(A–C) DNA is in blue and Miranda is in red.
Arrow (B) points to basal Miranda crescent.
(D–F) Miranda is in red, Inscuteable and DNA
are in green. Arrows point to apical Inscutea-
ble crescent.
(A, D, and G) In stage 14 lgl4 homozygous
embryos, Miranda is delocalized to the cyto-
plasm in 12% and associated with the spindle
in 70.8% of the dividing neuroblasts (n 127).
In addition to its localization to the spindle
and faintly to the cortex, Miranda is frequently
present in a crescent in these neuroblasts,
whereas Inscuteable remains apically local-
ized (86%, n  22). We sometimes observed
misoriented spindles in these mutants.
(G) In lgl4/lgl4; e/TM3 embryos at the same
stage, Miranda is cytoplasmic in 18% and
associated with the spindle in 74.7% of the
observed neuroblasts (n  79).
(B, E, and G) We very rarely observed abnor-
mal localization of Miranda in stage 14 Elp/
Cyo; jar322/ jar322 embryos (2%, n  50). Such
a phenotype appears at later stages presum-
ably following the depletion of maternal Jar
(Figure 2B). Inscuteable apical crescent is ac-
companied with Miranda basal crescent
(96%, n  48).
(C, F, and G) In lgl4; jar322 homozygous mutant
embryos at the same stage 14, Miranda is
delocalized to the cytoplasm in 48% of the
observed neuroblasts, and is still associated
to the spindle in 42% (n  104), but Inscutea-
ble is still present in an apical crescent (90%,
n  48).
fate determinants at the basal cortex. The transient ac- Inscuteable, which likely anchors Miranda transiently
via direct physical interactions (Jan and Jan, 2001;cumulation of Jar particles on the basal side in meta-
phase neuroblasts is consistent with its involvement in Knoblich, 2001). Miranda then translocates from the api-
cal to the basal cortex. The ability of Miranda to bindthe transport of Miranda to the basal pole.
Prospero and Staufen may account for its essential role
in basal targeting of Prospero, Staufen, and prosperoDiscussion
mRNA. It thus appears likely that the hitherto unknown
motor protein(s) that mediates basal protein targetingAsymmetric divisions in Drosophila neuroblasts begin
with apical localization of a protein complex including may form a complex with Miranda. We have tested this
(E and F) -Tubulin is in green. Miranda is delocalized to the cytoplasm of neuroblasts in jar322 first instar larvae (F), rather than forming a
basal crescent (arrow) as in jar322 heterozygous first instar larvae (E).
(G and H) In jar RNAi embryos, Miranda is in the cytoplasm and in cortical patches (H) rather than the basal crescent (arrow) as in buffer-
injected embryos (G).
(I–K) -Tubulin is in green. Miranda forms a basal crescent (arrow) aligned with the spindle poles (asterisks) in V32A-Gal4 (control) embryos
(I). Miranda is in cortical and cytoplasmic patches in embryos expressing the dominant-negative Jar construct UAS-ATP-jar maternally under
the control of V32A-Gal4 (J) or zygotically, driven by neuralized-Gal4 (K). Spindles are also misoriented ([K], asterisks indicate the position of
the misoriented spindle poles).
(L and M) Quantification of Miranda mislocalization to the cytoplasm (L) and spindle misorientation (M) in neuroblasts due to three ways of
reducing Jar function.
(N) Single wild-type (/) embryos show two bands at around 140 kDa and one band around 100 kDa in a Jar immunoblot. All three bands
are absent in single, homozygous jar322 null mutant embryos (jar322/jar322) after stage 16. Bottom: lower molecular weight proteins found in
the same lanes probed with anti--tubulin antibody as a loading control.
(O) Gene organization of the jar322 allele. Only the larger introns are represented as thin lines. Arrows indicate direction of transcription. The
breakpoints of this small deletion are indicated by dashed lines. The jar322 deletion removes the entire jar coding sequence from ATG to STOP,
as well as the first exon of CG5706, while sparing the first exon of CG13610 and the last exon of CG31138 (see Experimental Procedures).
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Figure 4. Localization of Miranda and Jaguar in Neuroblasts
Wild-type embryos stained with anti-Miranda (red) and anti-Jar (green). DNA is in blue. Projections of confocal sections of neuroblasts are
shown.
(A) Miranda is mainly concentrated at the apical side (arrowhead) but is also present at low levels in the cytoplasm in early prophase.
(B and E) Jar localizes to small particles throughout the cytoplasm and the cortex in prophase.
(D) Jar is then transiently delocalized to the cytoplasm and cortex.
(G) Subsequently, it becomes localized to a tight basal crescent (arrowhead) and around apical aster microtubules (asterisk) in metaphase.
The dashed line indicates the median of the neuroblast.
(H) In metaphase, Jar-containing particles are more concentrated in the basal half in 45% of neuroblasts observed (n  30), below the dashed
line.
(J) In telophase, Miranda is inherited by the smaller daughter cell, the ganglion mother cell (bracket). The larger daughter cell, which remains
a neuroblast, is outlined by the dashed line.
(K) In telophase, the number and intensity of Jar particles are decreased and they are distributed into both daughter cells.
(C, F, I, and L) In the merged images, Jar and Miranda show partial colocalization (arrows) within the apical Miranda crescent in early prophase
(C), in the cytoplasm in late prophase (F), within the basal half of the cell and around the cortical Miranda crescent in metaphase (I), and in
the ganglion mother cell in telophase ([L], bracket).
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possibility and shown that Jar, the Drosophila myosin Armadillo at adherens junctions in the ovaries (Geis-
VI, not only binds Miranda directly but is in a complex brecht and Montell, 2002). Intact adherens junctions are
with Miranda in vivo (Figure 1). Also in a complex with required for spindle positioning in epithelial cells, but
Miranda is Zip (Figure 1), a myosin II, which negatively they are lost in neuroblasts (Lu et al., 2001). Although
regulates basal transport of Miranda. Jar exhibits a dy- DE-cadherin is required for asymmetric divisions in the
namic, punctate distribution concentrating at the basal adult sensory organ precursor (SOP) lineage (Le Borgne
side of the dividing neuroblast and partially overlapping et al., 2002), its role in neuroblast divisions remains to
when the Miranda basal crescent forms (Figure 4). Im- be investigated.
portantly, three independent ways of reducing Jar activ- Myosin VI Jar has also been implicated in the regula-
ity in neuroblasts all resulted in mislocalization of Mi- tion of actin dynamics during sperm individualization
randa (Figure 2). In addition, a reduction or loss of Jar (Rogat and Miller, 2002). Identification of Jar as an es-
function compromised spindle orientation (Figure 2M). sential motor protein for asymmetric division of neuro-
The apical complex, on the other hand, does not depend blasts in this study thus raises the following questions
on Jar activity, suggesting that Jar acts downstream of for future studies: how might Jar interpret the apical-
or in parallel to the apical complex to ensure proper basal polarity set by the apical complex and target basal
basal protein localization. Our studies have therefore proteins? Does Jar organize actin cables along the api-
identified Jar as a myosin that targets basal proteins cal-basal axis or simply move along preexisting actin
and aligns the mitotic spindle along the apical-basal filaments?
axis in neuroblasts. The involvement of barbed end- Besides the pointed end-directed myosin VI, the
directed myosins in asymmetric cell division has been barbed end-directed myosin II, Zip, is also associated
demonstrated in budding yeast (Bobola et al., 1996; with Miranda in vivo. Whereas both Jar and Lgl are
Jansen et al., 1996) and C. elegans (Guo and Kemphues, required for basal protein targeting (Ohshiro et al., 2000;
1996). Our data demonstrate that a pointed end-directed Peng et al., 2000; Figure 3), loss of zipper function sup-
myosin motor regulates asymmetric protein localization presses the lgl mutant phenotype. Given that Lgl and
and spindle positioning in Drosophila neuroblasts. Jar synergize to control basal transport (Figure 3), Zip
It is intriguing that the same myosin VI may coordinate and Jar might have antagonistic activities in basal pro-
mitotic spindle alignment with the basal crescent of cell tein targeting. Genetic interactions between zipper and
fate determinants. In an attempt to pursue this possibil- jar could not be easily assessed, due to overall abnormal
ity further, we demonstrated in vivo association of Jar morphology of the double mutant embryos at late
with the microtubule-associated protein dEB1 (data not stages. Whereas both Jar and Zip interact with Miranda
shown) as well as the microtubule-associated protein in vivo, Zip is not detectable in Jar-containing com-
D-CLIP-190 (Lantz and Miller, 1998; data not shown). plexes immunoprecipitated from embryo extracts (data
However, loss-of-function mutations of dEB1 and D-CLIP- not shown), raising the possibility that Jar and Zip might
190 are not available. Reducing the levels of dEB1 by compete for binding to Miranda. Here, we demonstrate
injection of double-stranded RNA (RNAi) results in a mild that a pointed end-directed motor, Jar, regulates basal
spindle orientation phenotype in epithelial cells (Lu et protein targeting. The dynamic movement of Miranda
al., 2001), either due to functional redundancy—there leading to basal crescent formation involves Jar and
are four predicted dEB1 genes found in the database possibly additional myosins, as well as other interacting
(Rogers et al., 2002)—or due to a strong maternal contri- proteins.
bution of dEB1 (data not shown). These technical diffi-
culties have hampered attempts to examine the function
of these genes in spindle orientation in neuroblasts. Experimental Procedures
How might Jar mediate basal targeting of Miranda?
Fly Stocks and Generation of the jar322 Null AlleleJar is the founding member of class VI myosins (Kel-
Of 373 excisions of the P[lacW, ry] element in the jar1 allele, 172lerman and Miller, 1992). Mammalian myosin VI moves
lines were likely imprecise excisions. Two hundred lines were male
toward the pointed (minus) end of actin in vitro (Wells sterile and viable when homozygous or in trans with Df(3R)crb87-5
et al., 1999). This unusual directional movement requires (Castrillon et al., 1993), which partially uncovers the jar gene (data
a region within the motor core domain (Homma et al., not shown). One line, jar322, was male sterile and viable in trans
with Df(3R)crb87-5, but homozygous lethal and lethal over the larger2001) that is highly conserved, indicating that all myosin
Df(3R)crb89-4, which completely uncovers the jar gene (data notVI proteins are pointed end-directed motors (Rodriguez
shown). jar322 removes the complete coding sequence of jaguarand Cheney, 2000). Myosin VI has been implicated in
from exon 3 that contains the first codon, to exon 17 that containsthe movement of vesicles and particles, for instance
the STOP codon, as well as the first exon at least of the neighboringduring cellularization of the embryonic syncytial blasto-
gene CG5706, as determined by single-embryo PCR. CG31138 and
derm (Mermall et al., 1994; Mermall and Miller, 1995) CG13610 are still present as shown by genomic PCR and in situ
and during sperm individualization (Hicks et al., 1999). hybridization on mutant embryos (Figure 2O and data not shown).
Myosin VI is associated with clathrin-coated vesicles
and has been implicated in facilitating endocytosis
Generation of ATP-jar Transgenic Lines(Buss et al., 2001). Whereas the endocytic protein
A truncated form of jar lacking the ATP binding domain was gener--adaptin does not appear to be required for basal pro-
ated by PCR using jar cDNA as template and the following primers:tein targeting (Berdnik et al., 2002), it is conceivable
5-ATA CCG GAA TTC CGG CAA AAC ATG GTA GTA CTT CGG TTC
that Jar mobilizes other vesicles or protein complexes GTG G-3 and 5-ATC TAG TCT AGA CTA GTT ACT ACT GTT GTT
associated with Miranda for their targeting to the cortex TCT GCA TTG C-3. The EcoRI/XbaI fragment was introduced into
and/or the basal pole. pUAST, and pUAST-ATP-jar was injected into w embryos. Three
transgenic lines were used for analysis and yielded similar results.Another function of Jar is to stabilize DE-cadherin and
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RNA Interference 4% formaldehyde (Polysciences) in PBS for 30 min, and permeabil-
ized with 0.5% Triton X-100 in PBS for 15 min. Only two or threeDouble-stranded RNA was produced by in vitro transcription from
PCR-generated templates tagged with T7 RNA polymerase pro- cells of 8–9 m diameter per larval brain were labeled with anti-
Miranda antibodies. For all other staining, the specimens were fixedmoter sequences (Jar-1 and Jar-2) and injected into w embryos
(Lu et al., 2001). The templates represent two different 3 regions in 3.7% formaldehyde in PBS for 20 min at room temperature. Homo-
zygous jar322 embryos show a reduced level of staining with anti-of jar with no significant homology to other myosins. Jar-1: 5-GGA
TCC TAA TAC GAC TCA CTA TAG GGA GAC CAC CTA ATC AAA Jar antibody at late embryonic stages. Primary antibodies used were
mouse anti-Jar (1:6; Kellerman and Miller, 1992); affinity-purifiedTAT AGT TAT ATT TAC-3 and 5-GGA TCC TAA TAC GAC TCA
CTA TAG GGA GAC CAC TCA GAT CCG AAA ATC TTC GAG CCC- rabbit anti-Miranda (1:200; Shen et al., 1997); rat anti--tubulin (1:10;
Accurate Chemicals); rabbit anti-Inscuteable (1:1000; Shen et al.,3. Jar-2: 5-GGA TCC TAA TAC GAC TCA CTA TAG GGA GAC CAC
ATG GGA GAC GCG TCA TTG ACA CC-3 and 5-GGA TCC TAA 1997); and mouse anti-	-galactosidase (1:500; Chemicon). DNA was
stained with TOTO-3 (1:800; Molecular Probes). Images were takenTAC GAC TCA CTA TAG GGA GAC CAC TAA TAG CCC AGC GTA
TTG CAC GTG G-3. Properly aged embryos were subjected to on a Leica TCS SP2 confocal microscope.
immunohistochemical analysis as described below.
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